Abstract--Rapid changes in the field of engineering technology have increased the need for universities to provide engineering and engineering technology students with meaningful and relevant practical experiences; however, limited available resources in the provision of laboratory hardware and infrastructure have been the principal impediment in achieving this objective. Such hardware limitations have been increasingly marginalizing the quality of engineering and engineering technology education. E-learning can be used to help universities and technical colleges overcome this problem. One approach that can be implemented to overcome this problem is to expand e-learning activities in programs with limited resources to take advantage of online computer-based technology.
INTRODUCTION
With the current economic downturns where educators are constantly confronted with further budget cuts, fewer resources, and larger class sizes, online (or web-based) learning is receiving more attention than ever before. One key advantage of online learning is that it can provide direct delivery of education at anytime from anywhere to anyone, and thus, enhancing institutional learning to wider student population when resources are limited [1] . Furthermore, various research results have indicated that online learning and training are in fact as effective as traditional face-to-face learning, at least in terms of measurable academic achievements [2] .
Advances in computer, communication technologies, and interactive multimedia on the World Wide Web (WWW) continue to expand the effectiveness of online and web-based learning [3] . Today, vast number of educational software tools and packages are available to educators in order to expend their course delivery beyond traditional face-to-face classrooms. The Adobe Connect [4] , Centra system [5] , Blackboard, and WebCT are just a few popular examples to mention. Unfortunately, high cost and lack of adequate IT support in many cases prohibit utilizing and incorporating these tools in the discipline-based classes.
Another major issue with many of the existing content management educational tools is that they cannot be easily customized such that existing lectures, simulation applets, and laboratory activities can be utilized. For example, popular tools such as WebCT or Centra, don't even support remote laboratory capabilities. In fact, to the best of our knowledge, there is no commercially available tool that offers a unified platform to support diverse learning tools, such as video and telephone conferencing and chatting, configurable remote laboratory, simulation modules, and downloadable course lectures with different formats.
Motivated by such shortcomings, we have developed an integrated distance learning platform that enables course material sharing and collaboration between various institutions and instructors in order to provide a costefficient and flexible learning and training delivery to multiple remote users. In this paper we describe basic features of our prototype platform called the Integrated Virtual Learning Platform (IVLP). A unique characteristic of IVLP is that it is entirely based on LabVIEW software, providing a user-friendly and configurable distance learning development environment. A key advantage of IVLP is that it offers remote access to a collection of online learning tools, such as laboratory experiments, lectures, simulation applets, and tests, while allowing remote students to chat in real-time and participate in virtual face-to-face communication with the instructor. We emphasize that IVLP is still in its prototype stage and requires further testing and enhancements and this paper only reflects our initial results.
II. IVLP DELIVERY METHODOLOGY
The Integrated Virtual Learning Platform is a pilot project developed by the Advanced Internet Technology in the Interest of Society Laboratory (AITIS Lab) at Sonoma State University [6] . The IVLP is a hybrid webbased delivery system that combines traditional online learning with virtual face-to-face delivery and virtual hands-on laboratories. In the following paragraphs we describe the course delivery methodology adapted by IVLP and elaborate on its features.
The entire IVLP platform was designed using the LabVIEW software [7] . LabVIEW is a graphical programming language that has become the defacto industry standard for controlling instrumentations. A major advantage of LabVIEW is that it provides a convenient way to setup a PC as a server and establish server/client environment with a few mouse clicks. Hence, an instructor with limited IT support, and networking and programming knowledge, can easily setup the IVLP and create LabVIEW-based laboratory modules as needed. Although, in order to run IVLP the user must have LabVIEW software, the remote student only requires the LabVIEW Run-Time Plug-in. This program is provided free of charge by National Instrument and it is automatically downloaded when the remote client logs into the system.
A key feature of IVLP is its modular architecture. Thus, as shown in Figure 1 , individual contents can be designed independently and located in different sites. The modularity architecture of IVLP enables collaboration of multiple institutions with different resources in order to create the suitable learning environment for targeted remote students. A critical feature in any effective online course delivery system is its enhanced interactivity. The design of IVLP incorporates virtual face-to-face methodology and realtime chat session to enhance online learning experience. Thus, remote students can conveniently communicate with their instructor and receive proper instructions regarding assignments and remote laboratory activities. The chat sessions allow the host to e-invite participating students to a virtual conference or lecture [8 &9 ].
An attractive feature of IVLP is its ability to support reallife demonstration of laboratory activities to remote students. In such applications, the lecturer provides background and theoretical information followed by laboratory demonstration. Via the video conferencing capability of IVLP, remote users can watch the presentation and eventually take over the control of laboratory equipments and perform the experiment on their own.
IVLP is a general-purpose online platform and it can incorporate any compatible application-specific remote laboratory or simulation applet. Thus, rather than adapting new lecture materials or virtual experimentations premade in a commercial software package, individual instructors can retrofit their old proven lectures and laboratory activities and make them available to multiple remote users using IVLP. This can be done by upgrading the lab setup such that all instruments can be controlled by a computer via LabVIEW applications.
III. APPLICATION ARCHITECTURE
IVLP is a client-server application which can be designed using a central server or multiple distributed servers. Currently we have only implemented IVLP on a single server running Windows XP and LabVIEW 2009 0 . This architecture is shown in Figure 2 . In this architecture, the central server is configured as the LabVIEW Web Server and the IVLP applications are invoked from the server. As shown in Figure 2 , the client can gain remote access to the instruments through the LabVIEW Web Server via the virtual instruments (VIs) of the IVLP application. A VI in LabVIEW programming is an intuitive interface for writing and executing programs.
As shown in Figure 2 , the client database also resides on the web server. The client database is used to store clients' profiles and can be created autonomously using any programming tools, e.g., SQL. The client database is also used for authentication and allowing clients to save files in their profiles. An important feature of IVLP is that it allows collaboration among users at various locations. Thus, multiple users can conveniently store shared modules, such as tests, quizzes, and lectures, in a shared directory on the web server. 
IV. APPLICATION LAYOUT
As shown in this Figure 3 that depicts the application layout of IVLP, the IVLP application combines a hierarchy of independent modules. Each module in the application is a VI that is independent of its hierarchy and could be easily used at any level as presented in Figure 3 . All the VIs are developed using LabVIEW programming. The motivation for using LabVIEW was to allow users with limited programming skills to easily create a new set of virtual experiments.
The IVLP's modularity allows creating fast and effective virtual laboratories and integrating all teaching tools together, while adding new features. As a result, IVLP provides a unique educational experiment for students to have remote hands-on, read about the theory, enhance their understanding via simulators, and test their knowledge at the end. 
V. IMPLEMENTATION
In order to fully utilize features of IVLP, the server and client sites must be properly configured. On the server end of the IVLP application the user must make sure that LabVIEW is configured as the Web Server to allow remote connections and the application VI has been published from LabVIEW's Web Publishing feature. Publishing a VI refer to creating a web link for the application VI for remote client access through the web server. In order to provide a consistent web link for the application, IVLP requires a static IP address for the server which hosts the application. Moreover, the user has to configure appropriate firewall settings to allow access through the network.
On the Client end, when the client accesses the application for the first time through the browser, the browser automatically installs two ActiveX plug-ins for IMAQ on the client PC along with LabVIEW's Run-time plug-in. ActiveX controls are small programs, or add-ons, that are used on the Internet and enhance browsing experience by allowing animations.
In order to gain access to the IVLP applications over the internet, the client needs a browser, Server's IP address, and login-ID/password. Once the login and password values are checked and authentication is verified, the client is presented with the main menu to make a selection from different available modules. Selecting any application from the main menu, as shown in Figure 3 , invokes a new application module in a separate browser window of the remote client.
CONCLUSION
In this paper we introduced a LabVIEW-based hybrid integrated distance learning platform that enables course material sharing and collaboration between various institutions and instructors in order to provide a costefficient and flexible learning and training delivery to multiple remote users. A key advantage of IVLP is that it combines traditional online learning with virtual face-toface delivery and virtual hands-on laboratories. More work is required to fully expand features of IVLP. In the next phase of IVLP development, we intend to develop several complete course modules and collect more student feedback.
